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^ (57) Abstract: Provided are methods and compositions for controlling postnatal ocular growth and the development of ocular errors 
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Modnlatioii of Ocular Growth and Myopia by GABA Progs 

This application clmns pripnty to U.S. Provisional Application No. 60/329,655, filerl 
5 October 16, 2001, the content of which is ho^ein incorporated by refeiimce. 

GOVERNMENT INTEREST 

This invention was supported in part by Grant No. EY-07354 fiom the U.S. National 
Institutes of Health. The Goveniment may have certam rights in this invention. 

HEM) OFTHE INVENTION 
10 The present invention relates to the control of postnatal eye growth and myopia. In 

particular, die invention relates to the effect of y-aminobutyric acid (GABA) on retinal 
mechanisms influencing eye development and the influence of drugs and conq)ositions 
interacting with GABA receptors on eye growth and refractive development. 

BACKGROUND OFTHE INVENTION 

15 It has been estixnateddmt about one of every four persoiis on earth suffers from 

myopia (conunonly known as near-sightedness). At leasthalfofthesecas^ are axial 
myopia, an elongation ofthee^e along die visual axis. At birth, the human eye tends to 
be relatively short in the axial direction causing a tendency for young children to be 
hyperopic (commonly known as far-sightedness). During childhood, as the eye grows, die 

20 ocular length of the cornea and lens increase and qptical properties change. Ideally, no 

conection is needed for shaip vision at distance and the eye is enmietro^ However,ifth6 

eye leugdiens too far, distant images focus in front of the plane of 

myopia residts. I^ on the other hand, the ocular length ofdie eye remains tro 

images focus behind the pi ane of the retina and the result is hyp eropia. 

25 Numerous proposed treatments and remedies have been directed at the focussing 

mechanism at the front of the eye. Largely these have been attempts either to block the 
focusing ability of the eye (called accommodation) dirough topical ^plication of drugs or to 
remove any need for near focus through use of plus lenses that in effect p erfoim the near 
focus task. Topical drugs that relax die focussing muscle of the eye, die ciliary muscle, are 

30 called cycloplegics and have been available for a century. 
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Recently, significant evidence has been developed showing that myopia results m an 
eye fliat is subjected to retinal image d^jadation. It has been shown that axial myopia can 
be eKperimentally induced, in eiflier birdis or primates, in ah eye in which the retina is 
dqwived of formed images, e.g., by suturing the eye-Uds or wearing an image-diftiising 
go^e (Weisei & Raviola, JVa/w* 2i56:66(1977)); The experiment^ myopia induced in 
primates, such as monkeys, precisely ininnics the common aodal myopia of humans. Thus, 
the vision process apparently contributes to &e feedback mechanism by which postnatal 
ocular growth is normally regulated and reflective eiror is determined m the animal, 
mdicating that the mechanism is neural, and likely ori^tes in the retina. 

Convincing evidence has identified a dominant role for the retina in linking poshwtal 
eye growth with visual mput (WaBman, Progress in Retinal Research 12:.133-153 (1993); . 
Stone, hi: Mvopia Updates: Proceedings of flie 6th fatemationail Co nference on Myopia, 
(Tokoro, ed) Tokyo: Springer, 241-254 (1997)). Sever^ retinal neurotransmitters have been 
impUcated in the reftactive development and myopia pafliogenesis (Stone, 1 997; Fisdier et 
15 aL, J. Comp. Neurol 393:1-15 (1998); Fischer et aJ., Nature Neurosdence 2:706-712 
(1999); Fujikado et al, Curr. Eye Res. 16:992-996 (1997); Pidcett Seltner et al.. Visual 
Neurosci. 14:801-809 (1997); Stone et al., Proc Natl Acad. Set. USA 86:704-706 (1989); 
Stone et al.. Invest. Ophthalmol. Vis. Sd. 42:557-565 (2001)). Many of flie retinal 
neurotransmitters locaKze to one or another subtype of retinal amacrine cell. Given that 
20 complex, but still poorly defined, characteristics of the visual image-modulated eye growth 
(SchaeflFel et al. Vision Res. 39:1585-1589 (1999)), putative mvolvement of amacrine cells 
is consistent with the processing of complex hnage features in the inner retina (Kolb, Eye 
1 1 :904-923 (1997)) and the notion that a multi-component mechanism(s) guides 
emmetropization. U.S. Pat. Nos. 5,055,302, 5,122,522 and 5356,892 (Laties and Stone) 
25 disclose metiiods for controllmg the abnormal postnatal growth of the eye of amataring 
animal usmg vasoactive intestinal peptide (VIP), PHI or analogues of these peptides or 

pirenzepine, respectively. 

In contrast to the numerous neuropharmacologic drugs that mfluence expaimental 
myopia, comparatively few have been found to alter the growth and refiractive development 
30 of eyes with mtact visual input, perh^s because vision dependent mechanisms govemmg 
eye growth dommate drug effects. For example, dopamme agonists, opiates and basic 
fibroblast growfli fiw;tor each mhibit form-deprivation myopia, but none alter growth or 
refraction of non-occluded eyes (Stone et al., 1989; Rohrer et al., Eiq). Eye Res. 58:553-561 
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(1994); Fischer et al^ Visual Neurosci. 15:1089-1096 (1998); U.S. Pat. Nos. 5^84.843; 
5,360,801 and 5,571,823). A developmentel effect of muscarinic antagonists to reduce 
growth of nonroccluded eyes and induce a refiactive shift in the hyperopic direction has been 
observed in only a single study (Cottridl e/ al, Exp. Eye Res. 74:103-1 11 (i002)). Other 
5 drugs that have reportedly influenced tfie growth and refraction of non-goggied eyes of 
dncteareneorotoxihs, sudi askaim ■ 
(Stone et al., 2001; Fischer et al^ 1998; Wildsoet et al. Invest Ophthalmol. Fw. ScL 29:311- 
319 (1998); Hirlich et al.. In: CSba Foundation Svmposiuni 155: Myop ia and the control of 
eve growth, (Bock; Widdows, eds) Chichester: John Wiley & Sons, pp.63-88 (1990); 
10 McBrien et al.. Vision Res. 35:1141-1152 (1995); see also U.S. Pat Nos. 5,637,604 and 
5,461,052). 

GABA (Y-aminobutyric acid) w a widely distributed inhibito^^ 
neurotransmitter, located in the central nervoiis system and retina. M the vertebrate retire, 
GABA localizes to a large and diverse neuronal population (Nguyen-Legros al., Mcrosc. 
15 Res. Tech. 36:26-42 (1997)), and has been inq)Ucated m the signaling of both amaciine and 
horizontal cells (Kolb, 1997; Barnstable, Curr. Opinion Neurobiol. 3:520-525 (1993); 
Slaughter, Progress in Retinal and Eye Research 14:293-312 (1995). U.S. Pat Nos. 
5,385,939 and 5,567,731 (Laties and Stone) disclose a conq>osition for the inhibition of the 
abnormal postnatal axial growth of tiie eye of a maturing animal which comprises a GABAb 
20 receptor antagonist, and a method of alleviating and controllmg the develoianent of 

amblyopia in tiie eye of a primate animal by administering a y aminobutyric acid antagonist 
However, to date, neither GABA nor its receptors have been reported to be in peripheral . 
nerves to the eye or in the non-retinal tissues of the eye. 

The chick, like many other vertebrates, contams in its retina ^ 
25 amacrine cells in the mner nuclear layer, horizontal cells and some neurons in the ganglion 
cell hyer, which Ukely are displaced amacrine cells, with many nerve fibers in botii the 
inner and outer plexiform layers (Fischer et al, 1998; Agaidh et al.. Invest. Ophthalmol. Vis. 
Sci. 27:674-678 (1986); Mosinger et al. Exp. Eye Res. 42:631-644 (1986); Hamassaki-Britto 
et al., J. Camp. Neurol. 313:394-408 (1991); Watt et al. Brain Res, 634:317-324 (1994)). 
30 Thus, flie duck has become an accepted model animal in the art for retina studies, and the 
findings have proven to be rqjresentative for otiier votebrates, mchiding humans and other 
manunals. 
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GABA receptors traditionally have been classified into three major subtypes: 
GABAa, GABAb GABAc receptors (Oiebib a/., C/iTt P/w^^ 
26:937-940 (1999)). GABAa md GABAc receptors each consist of Ugand-gated chloride 
channels/ Most GAB^ receptors arebeUevedtobe^w^^ 

mnliiple submrit classes (al-6, pi-4' yi-S, 8, s, G and/or n) (Barnard et aL, Pharmacol R&v. 
50:291-313 (19!98); Barnard, to: PhaimacologY of GABA and G lvdne Neurotransmission, 
(MShler, ed.) Berlin, Springer, pp.79-99 (2001)). GABAc receptors are comprised of one or 
more of liiefliree different p sobmiits. which are not known to complex with proteins of the 
other subnnit classes (Barnard et aL, 1998; Bonnann et al.. In: Pharmacolosy of GABA and 
Glycine Neurotransmission, mhlec, ed.) Berlin, Sprmger, pp: 271-296 (2001)). Despite 
distmctive phannacology, structure, genetics and function (Bojmann.e*. a/., 2001), QABAc 
receptors have leceotlybeenye^lassified asthe GABAa* 
My (Barnard a/., 1998). Accwdingly, ^ 

herdn for fbs large ftmily of bicucuffine-senative GABA recq)tor8 and "GABAaot 

receptors'* for the bicucuUine-insensitive, p-containing GABAa recq»tor subset that had 

been previously termed "GAB Ac receptors." 

GABAb receptors are metabotropic, G-protdn linked receptors, coupled to adenylaie 

cyclase or to Ca** and channels. One of the functions of the GABAb recq)tors is 

modulation of neurotransmitter and neuropeptide release (Bormapn, Trends Pharmacol Sci. 

21:16-19 (2000); Bowery In: Pharmacology of GABA and G lycine Neurotransmission, 

(MShler, ed.) Berlin, Springer, pp.31 1-328 (2001)). 

GAB Aa, GABAaot and GABAb receptor subtypes are each expressed widely in the 

vertebrate retina (Lukasiewicz et aL, Cell Dev. BioL 9:293-299 (1998)). to feet, the 
predominant location of GAB Aaot receptors in brain tissues is the neural retina. GABAa 
receptors occur on both pre-syns5)tic and post-synaptic locations in many types of retinal 
neurons. GAB Aaot receptors are found mainly, but not exclusively, on bipolar cells. 
GABAb receptors tend to localize post-synaptically on amacrine and gangUon cells. 
Available data in chicken conform to these generalities. 

By immunohistochemistry, it has been shown that GABAa receptors occur in the 
outer and inner plexiform layers of the retina and in distinct types of retinal ajmacrine ceU 
soma (YazuUa et aL, J. Comp. NeuroL 280:15-26 (1989)). GABAaot receptors also localize 
to both plexiform layers, evidently corresponding to processes of bipolar cells (Koulen et aL 
J. Comp. NeuroL 380:520-532 (1997). In situ hybridization in chick retina has identified 
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GABAaot mRNA at letmal levels corresponding to the somata of horizontal, bipolar, 
amacrine, and pei^s gangiion cells (Albrecht et al.,Neuroscl Lett: 189:155-158 (1995)). 
However, to date, fliere has been no biochemical identification of GABAb recqptors, nor 
have they been localized at a cellular level in ^e retina. 
5 the retini^ GABA co-localizes and/or inte^ 

are potratiaUy ihvoWed mfli eye growth ron^^ 

ScL USA 85:257-260 (1988); Quo et al, Curr. Eye Res. 14:385-389 (1995)), including 
dopamine (Stone et aL, 1989; Nguyen-Legtos et at., 1997; Kazula et al. Visual Neurosci. 
10:621-629 (1993)), and acetylcholine (Stone et aL, 2001; Hamassaki-Biitto et al., 1991; 
10 Agfaih,ActaPhysioL Scand, 126:33-38 (1986); Santos e*fl/.v^«r. J. Neurosci. 10:2723- 
2730 (1998); Fischer c/., 5rcin /tes. 794:48-60 (1998); Duarteef a/.,/. iV^^^ 
58:47i5-479(l999);N^ d a/., lisual Neurosci. 18:55-64(2001)). first evidence for 
file mvolvement of GA^Arecq^ b eye develqpihOT^^ 

5,567,731 (Laties and Stone) fliat disclosed a composition for flie inhibition of the abnonnal 

15 postnatal axial growth of the ^e of a maturing animal and which comprises a GAB^ 
receptor antagonist, and a method of alleviating and controlling the development of 
amblyopia (lazy eye) in the eye of a primate animal by admmisteting a GAB^ antagonist. 
In a subsequent report, many GAB A-containing retinal neurons were found to be relatively 
resistant to quisqualic add toxicity, and e3q>erimental myopia still develc^ed after ocular 

20 administration of this neurotoxin. It was then suggested tiiat retinal GABA may be, in some 
way, relevant to myopic eye growth 0?ischer ei al., 1998), however, the mere suggestion has, 
to date, rraiained unsubstantiated except for the inventor's initial mvestigation of GAB^ 
receptor antagonists, as stated., As a result, untQ flie present invention fliere has been no 
direct added evidence for the role of GAB Ab receptors in postal 

25 refractive development or myopia or elucidation of the involvefnent of jmy otiier GABA 
receptor subtypes or GABA dmg mechanisms, which given tiie ui5)redictable nature of 
biological systems, means that the function of retinal GABA was largely unknown and ttere 
remained an unmet need in the art Moreover, a need also remained for a composition and 
methods for its use that would affect ocular growtii in tiie postnatal, developing eye in both 

30 the axial and equatorial dimensions. 

SUMMARY 

The present invention provides direct evidence demonstrating the effect of drugs 

interacting witii y-aminobutyric acid (GABA) receptors in tiie retina ttiat influence eye 

- 5- 



wo 03/032975 PCT/US02/32776 
development, and comprises compositions and methods to control ocular growth and 
refiactive development in the postnatal, developing eye, aiid include control of myopia. In 
controlled analyses, the eyes of subjects, some of which wore a unilateral goggle to induce 
myopia and received daily intravitreal injections of agonists or antagonists to the naajor 
5 GABA receptor sublines were stuctied by refiactome^^^ 
measuoCTients to assess tiie effects of 

Antagonists to GABAa or GAB Aaot receptors were found to inhibit form-deprivation 
myopia. GABAa antagonists showed greater iiM)itionofmyopic growth in the equatorial 
tiiian the axial dimension; a GABAaot antagonist displayed parallel inhibition in adal and 
10 equatorial dimensiorL When tested, one GABAaqt agonist, but no GABAa agoniste^ 

the myopic refraction offlie goggled eyes in the test aniinals. GAB Ab receptor antagonists, 
more so than a GABAb recq>tor agonist, also slowed myopia development, inhibiting axial 
growth more effectively tiian equatorial expansion of the goggled eyes. Retinal GABA 
content was shown to be slightly reduced in goggled eyes. 
IS When administered to non-goggled eyes, GABAa and GABA>vQr agonists and 

antagonists also altered eye growth, frequently stimulating it However, only one GABAa 
agonist was shown to induce a myopic refractioiL Several of these agents stimulated eye 
growth in the axial, but not in the equatorial dimension. A GAB^ agoiiist and GABAb 
antagonist also stimulated eye growth, but did not alter refraction 
20 Therefore, in accordance with the findings of the present mvention drags affecting 

GABAa, GABAaot and GAB^ recq)tors modulate eye growth and refractive development 
in the postnatal eye. The anatomical effects of these drags on the eye further indicate that 
eye shape, not simply eye size, is regulated. A retinal site of action conforms with the 
known ocular localizations of GABA, its receptors, and tiie altered retinal biochemistry in 
25 form-deprived eyes. 

It is an object of this invention, therefore, to provide a GABA receptor agonist or 
antagonist or other compound that effectively alters eye growth and refractive development 
in young animals or children. This alteration can be inhibition or reversal of myopia, such as 
by inhibiting the axial elongation or equatorial expansion in myopic eyes by suitable agents. 
30 The alteration also can mvolve stimulation of eye growth and reduction of hyperopia, to 
inhibit or reverse hyperopia by suitable agents. Also provided is a method for controlling 
postnatal ocular growth and the development of ocular errors in the maturing ^e of a 
subject, comprising modulating retinal levels of GABA in the maturing eye of the subject by 

- 6- 
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admiiiistering to the eye to a fher^eutically effective amount of at least one GAB A drug or 
coaqpound, or drug of another class. 

Further, it is an object to provide compositions affecting GABA receptors of types 
GABAa» GABAb or GABAapt in tiie retina of the maturing ^e; and methods, wherein such 
5 compositions are addoinisltered pref^^ly as a flier^eutically effective ainount of at least 
one agonist of at one type of GAB A recq[)t^^ 

preferred embodiment, fliere is provided the administration of a drug or compound 
coniprises a thersqpeutically effective amount of at least one antagonist of at least one type of 
GAB A receptor in the retina of the eye. 
10 It is also an object to provide methods and con^ositions of the foregoing, wherein 

ttie modulating step comprises inhibiting or reversing myopia m tiie eye of a postnatal 
subject Preferably, axial imgth or vitreous chamber dq)th is reduce^ 
corresponding reduction in niyopic refiaictionl M y 

therapeutically effective amount of GABAa receptor agonist or antagonist is administered to 
15 tiie maturing eye in a carrier or diluent buffered to a pH suitable for ocular administration. 
Examples of such GABAa receptor antagonists are SR95531 or bicucuUine. In an additional 
preferred embodim^t, a therapeutically effective amount of GAB Aaot receptor agonist or 
antagonist is administered to the maturing eye in a carrier or diluent buffered to a pH 
suitable for ocular administration. One such GABAaot receptor agonist is CACA, and one 
20 such GAB Aaot receptor antagonist is TPMPA. In another preferred embodiment, a 

therapeutically effective ainoimt of GABAb receptor agonist or antagonist is administered to 
the maturing eye in a carrier or diluent buffered to a pH suitable for ocular administration. 
One such GABAb receptor agoiiist is baclofen, and one such GAB Ab r6cq>tor antagonist i 
CGP46381. 

25 It is also an object to provide methods and compositions of the foregoing, wherein 

the modulating step comprises inducing ocular growth and reducing hyperopia (the latter, by 
stimulating a myopic shift in refraction), or a combination thereof in the eye of a postnatal 
subject Preferably, axial length or vitreous chamber depth is enhanced, corresponding to a 
reduced hyperopic (or increased myopic) refraction, and reducing a tendency towards 

30 hyperopia. In a preferred embodiment, a therapeutically effective amount of GABA receptor 
agonist or antagonist is admmistered to the maturing eye in a carrier or diluent buffered to a 
pH suitable for ocular administration. One such GABAa agonist is miisdmol; one such 
GABAaot antagonist is TPMPA. 

- 7- 
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It is yet another object of the invention to provide a method for determining the 
effectiveness of the GABA agents used for controlling fo^ 
development of ocular em>rs in the maturing eye of an animal. 

Additional objects, advantages and novel features of the invention will be set forth in 
5 part in the description, examples and figures wMchfoUow,^ 

for illustrative purposes only, and not intended in any way to limit the invention, and in part 
will become parent to tiiose skilled in flie art on examination of flie following, or may be 
learned by practice of the invention. 

BRIEF DESCRBPnON OF THE FIGURES 

10 The foregoing summary, as well as the following detailed description of the 

invention, wiU be better understood whra read in conjunction with the appended fig^ 

FIGs. 1 A-1 C jgraphically depict the drug effects on refifactions of goggled eyes - that 
is, drug activities against myopia. Effects on refiraction are shown in FIG. 1 A for dmgs 
selective for GABAx receptors, in FIG. IB for drugs selective for GABAaqt receptors, and in 

15 FIG. IC for drags selective for GABAb recq)tors. The con5)arative controls, goggled chicks 
receiving vehicle only as treatment, are shown by the bars with cross-hatched mafldTigg to * 
distmguishtfae controls fiom the odier findings. n= number of chicks in each cohort Data 
are shown as the difference of goggled minus contralateral control eyes. P-values qqply to 
the use of one-way analysis of variance (ANOVA) on ttie differences between drug-treated 

20 goggled and contralateral vehicle^treated non-goggled eyes.. n.s. = not si^ficant. 

FIG. 2 graphically depicts the effects of GABAa and GABAaot selective drugs 
(angonist and antagonists) on dimensions of the goggled eyes - that is, drug activities in 
inhibiting the excessive eye growth in myopia. The number of chicks in each experimental 
groiq) q>pears in FIG. 1 . The coii:q>arative Cjontirpte, goggled chicks receiving vehicle only as 

25 treatment, are shown by &e bars with cross-hatched maddngs to distinguish the controls 
fiom the oflier findings. Data are shown as the difference of goggled minus contralateral 
control eyes. P-values £^ly to the use of one-way ANOVA on the differences between 
drug-treated goggl^ and contralateral vehicle-treated non-goggled eyes. iLS.=»not 
significant. 

30 FIG. 3 graphically depicts the effects of drugs selective to the GABAb receptor on 

dimensions of goggled eyes eyes - that is, drug activities in inhibiting the excessive eye 

growth in myopk. The number ofchicks in each experimental group s^pears in FIG. 1. The 

comparative controls, goggled chicks receiving vehicle only as treatment, are shown by the 

- 8- 
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bars with cross-hatched maikmgs to distinguish tiie controls from the olfaer findings. Data 
are shown as the difference of goggled minus contralateral control eyes. P-values apply to 
the use of one-way ANOVA on the difG^ioices between drug-treated goggled and 
contralateral veMcle-treated non-goggled eyes. ^^^^ 

S FIG. 4 grsq)hically depicts the drug effects on refraction in non-goggled eyes as 

indicated. Three drugs are shown that had a refraction effect identified in the overall 
ANOVA, but only muscimol induced a statistically significant shift in refiiiction of drog- 
treated eyes compared to contralateral vehicle-treated eyes. The bars are shaded to 
distinguish the dosage effects from each other, but in each panel of FIG. 4, the shading is 

10 consistent for each dosage level. TheP-valuesshownapply to theuseof atwo-way 
r^eated measures ANOVA (one factor replication, using eye as the replicated factor) to 
assess the statistical strength of a drug effect. n.s. = not significant in the drug-treated to 
contralateral vehicle-only-treated eye conq)arison. f ~ effects reached statistical significance 
in the. dose comparison, but not in flie drug-treated to vehicle-only-treated eye comparison. 

15 FIG. 5 graphically depicts the drug effects on the dimensions of non-goggled eyes for 

drugs influencing at least one parameter. The number of chicks in each cohort appear in 
FIG. 4, as described. The bars are shaded to distinguish the dosage effects fix)m each other, 
but in each panel of FIG 5, the shading is consistent for each dosage level. The P-values 
shown ^ply to the use of a two-way repeated measures ANOVA (one factor replication, 

20 using eye as the replicated factor) to assess the statistical strength of a drug effect. n.s. = not 
significant. | = effects reached statistical significance in the dose-eye interaction only, but 
not in the drug-treated to contralateral vehicle-only-treated ^e comparison. 

DESCRDPnON OFPSEFERBED EMBODIMENTS OF THE INVENTION 
Li the brdibary visual fimction of the eye of an aninid or h^ 

25 image passes through flie lens and is received by the retina, and the retma transmits the 
information to the optic nerve, which then sends it on to the brain. Relmal neurochemicals 
(Le., neuro-active chemical confounds) are key components in the vision process/ 
Specifically, light forming the image is sensed by the light receptors, the rods and cones, of 
theretina. In the regdar process oftransnutting the inmgeinfonnation to flie brain, retmal 

30 nerve cells, in association with the photoreceptors, release neurochemicals and pass 

electrical signals transmitting information to adjacmt retinal cells as parts of anettvork in 
the retina leading to the formulation and qualities of the signals to the optic nerve. These 

- 9- 
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photoreceptors act as transducers changing light energy into electrical and/or chemical 
signals. 

When the eye of an animal dining its postnatal growth period is dq)rived of vision 
ie.g.y by fixing a translucent or image distorting goggle over the eye) or otherwise subjected 
to retinal image dejgradation, the result ordinarily is abnormal ocular growfli leading to 
myopia During this period of image deprivation or degradation, it has bem found that flie 
metabolism of certain retinal neurochemicals is altered leading to changes in retinal 
concentrations thereof. Specifically, it has been noted during periods of ocular image 
deprivation in maturing birds or primates, that chemical alterations take place in the retma 
concurrent with the excessive ocular growth leading to myopia. 

The present invention con^rises methods for controlling postnatal 0^ 
the development of refi:active errors in the eyes of a young, maturing animal or human by 
admmistei^ Active 
drags actby modulating retinal levels of GABA, vMch are shown to be reduced in myopia 
While ttie gjixmih responses to GABA drags are conq)lex, evidence is provided herein 
demonstrating that GABA receptor agonists or antagonists alter eye growth, influencmg both 
the progression of form-deprivation myopia and flie growfli of eyes with normal visual ixspxst. 
While the altered retinal concentration of GABA in form-deprived myopic eyes is modest in 
magnitude, the consistency of the change in the various test animals supports the 
involvement of retmal GABA-based neurons in eye growth control. Togeflier with the 
knowledge that GABA is expressed by diverse retinal neurons, and the feet tiiat ocular 
loc^ons of GABA and its receptors are known, the present finduigs fiirth^ si^pport flie 
principle that the retina modulates eye growfli and fliat retinal GABA can modulate 
refiactive development 

Broadly stated, flic developrnent or piogressdon oifocular coot disordera, such as 
myqpia, hyperopia, amblyopia ttie like in flie eye of a postnatally maturing animal can be 
inhibited by flie postnatal ocular control of flie presence of a neurochemical, or by an agonist 
or antagonist of the neurochemical, including circumstances m which the neurochemical is 
found to be altered under conditions during ocular maturation in a young animal, ordinarily 
leading to myopia The prevention or treatment of myopia is accomplished by the 
administration of the neurochemical, its agonist or its antagonist or other composition that 
iiifluences eye growth and refractive development. In an alternative, it is also accomplished 
by the administration of drags fliat othenvise interact with flie synfliesis, storage, release, 
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receptor interaction, reuptake, or degradation of the naturally-occurring neurochemical, thus 
influencing the tissue levels and/or bioavailability of such naturally-occurring 
neurochemical, wherem the neurochraiical, or its agonist or antagonist, influences the 
growfli and reftactrve development of myopic or hyperopic i^es. 

Despite notable differences in anatomy between the eyes of primates and those oif 
birds, image deprivationrihduced myopia orm-deprivation myopia") in chidcens closely, 
resembles that in flie primate^ as shown by studies made on chicks and young monkeys. In 
both species, evidence suggests that control for postnatal ocular growtti is substantially local, 
within the eye, apparently origfcnating at tiieretiiia. Because the chicken matures quickly, 
newborn chicks were used extensively in studies made in connection with tins invention. 

One useful chick model is the fomi-deiMivation model, m which flie vision of one. eye 
is obscured by a goggle or eyelid suture jmd ipsilateral eye enlargement and myopia results. 
In fliis case, form-deprivation myopia is used to identiify agents potentially useful for 
retarding myopia in children. In the diidc model, as described here, some chicks are fitted 
with a unilateral goggle to induce myopia and received daily intravitreal injections of 
agonists or antagonists to tiie major GABAreceptor subtypes. The eyes are. then were 
studied by refractometry, and ultrasound and caliper measurements to assess the affects of 
the drugs on eye development Retinas of other chicks also wearmg a unilateral goggle were 
assayed for GABA content for comparison purposes. . . 

As the terms are used in this mvention, an agonist or antagonist of a neurochemical is 
a compound that affects the action of the neurochemical in the retinal tissue. An agonist is 
an agent that activates a receptor, leading to an intracellular response. Thus, agonists mimic 
the effects of endogenous regulatory compounds. For purposes of this application, an 
antagonist of the neurochemical is a compound that oppojses or bjocks^^e action of flie 
neurochemical on the retinal tissue, effectively inhibiting tiie action of an agonist, thereby 
effectively inhibiting excessive or abnormal postnatal axial growth of tiie eye of a maturing 
animal. The antagonist is useful under conditions ordinarily leading to excessive or 
abnormal axial growth and/or equatorial e5q)ansion. Although ocular administration is 
described herein, and is generally preferred, systemic administration may also be employed 
under suitable circumstances. 

GABA drug effects on form-deprivation myopia. Agents fiom each class of GABA 
dmgs are shown in various embodiments of the present invention to alter myopia 
progression. Antagonists, but not agonists, to GABAa receptors, show unusual inhibitory 
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activity against fonn-deprivatioii myopia. In preferred embodiments of the invention, 
recq)tor antagonists, bicuculline and SR95531, each markedly reduce equatorial expansion 
of the vitreous chamber of the eye beneath a goggle. Neither significantly altered the axial 
dimensions of goggled eyes, and only SR95531 caused any reduction in the myopic 
refisUrtioh. In ioiy event, GABAa antagonists represent the first class of drugs that have been 
reported to inhibit Ae growfli of goggled eyes chiefly in the equatorial dimension. 

However, m another preferred onbodiment of the invention, the GABAaot receptor 
antagonist TPMP A was shown to be a much more potent {gainst aq>etimaital myopia than 
the GABAa receptor antagonists. TPMPA largely eliminates the myopic refractive shift and 
significantly reduces Ae axial laigfli of the eye and vitreous diamber dq>th as measured by 
ultrasound. It also blocked the equatorial expansion of the eye. The GABAaot receptor 
agonist CACA exerted a modest, perhaps biphasic effect on the iefiraction.of goggled qres, 
but none of the size measurements wa» altaed by CACA. 

For GABib selective drugs, both a^nists and antagonists show some degree of anti- 
myopia activity. The anta^mist CGP46381 was ttie most effective of these drugs, mhibitmg 
myopia and linodting axial, vitreous chamber and equatorial ejqpansion, 

GABA drug eflfects on non-goggled eyes. As with goggled eyes, agents from each 
class of GABA drugs influence flie development of non-goggled eyes. In certain 
embodiments, drugs interacting wifli GABAa and GABAadt receptor subtypes proved to be 
the most effective, and agoits selective fiir GAB^ recqitors showed much less potent 
stimulatwy eflfects. hi a preferred embodiment of tiie invention, tiie noixed GABAa agonist 
muscimol had the greatest effect on tiie eye, increasing not only axul and vitreous chamber 
lengths, but also racpanding the equatorial diameter. Muscimol was the wily drug tested tiiat 
induce a statistically significant myopic shift in refraction. Presumably, nourgoggled eyes 
receiving tiie other drags reniained enmietropic because the optical demjents Of the eye 

otherwise compensated for the elongated axial components. 

In another embodiment, tiie GABAa receptor antagonist SR95531 also enhanced 
axial and vitreous chamber length, but its effects on refraction did not reach statistical 
significance, and it did not alter tiie equatorial dimension of non-gogjgled eyes. Drags active 
at GABAaot receptors also stimulate ^e growth, wherein tiie enhancement is selective for 
the axial dimension. M one embodiment, the agonist CACA was shown to stmiulate axial 
growth to a modest degree witiiout altoing refraction or affecting equatorial diameter. 
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By cQnq>arison, in an alternative embodiment, die GAB Aaot receptor antagonist 
TPMPA stimulates axial elongation and vitreous chamber depth, also without altering 
refraction. The geometry of the TPMPA efBsct is unusual, as the equatorial dimension 
actually diminished in TPMPA-treated non-goggled eyes. 

5 The ability bf GABA drujgs to stimulate eye growth of non-goggiled eyes and induce 

a refractive shift towards myopia indicates that such agents can also find utiKty m treating 
hyperopia or farsightedness, fii hyperopia, the eye tends to be relatively short, but 
stimulating eye growth corrects this problem. The hyperopic (or '^liis'*) refractive error of 
farsighted eyes is also reduced or corrected by GABA drugs as the myopic (or **niinus") shift 

10 in refraction reduces or neutralizes the hyperopic refractive error. Smce the growth and 

optical effects of hyperopia and rnyopia are opposite, the ^Induction of myopia" in open eyes 
establishes the possibility of treating hyperopia. As hyperopia in children can lead to dtiher 
strabismus (crossed eyes) and/or amblyopia (la2y eye), tiiis is another application of the 
invention. 

15 Underlying pharmacologic mechanisms . Because Ae effects of &e, GABA drugs are 

complex, they do not permit unambiguous inteipretation of theh underlying pharmacologic 
mechanisms, hi some instances, agonists and antagonists showed analogous growtii effects. 
Even the dose-response curves tended to be compUcated, as some of the optimally effective 
dmg doses occurred in the middle offlie tested range. U-sh^ed or inverted U-shaped dose 

20 response curves (termed hormesis), have been uicreasmgly recognized in biological 

responses to drugs Calabrese et al. Trends Pharmacol Sci. 22:285-291 (2001). Besides 
issues of bioavailability and other pharmacokinetic considerations, and witiiout intending to 
be bouiid to a hypotheses, the inventor has proposed that the ocular response may reflect the 
multipUcity of retinal GABA receptor siAtypes (Bamard 

25 Bormanne/fl/.,2001). 

Moreover, in some instances, biochemical changes to the eye as a result of treatment 
in accordance with the compositions and/or methods of the present invention may not be 
detectable by methods currently available. Nevertheless, such changes may still occur and 
be suflScient to effect control or a change in growth and/or refraction of the eye. 

30 The molecular subunit compositions ofretinal GABA receptors have not been 

extensively characterized; and within the major GABA recq)tor subgroups, the currently 
studied drugs could interact with multiple receptor subtypes. Thus, the ocular growth 
responses to GABA drugs may roflect the conq)lex retinal distribution of GABA receptors, 
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flie specific types of GABA receptor subimits in the retina, the interactions of GABA based 
neurons with ottier retinal cells involved in eye growth control, and/or differential drug 
afBnitiestospedficorrnultipleGABArecq)torsubumts. Knowledge of the mechanism(s) 
underlymg fiie mvention has no effect on the invention itself. 
5 GABA drugs and eye shape . Neurotoxin effects oii vitreous cavity (Wildsoet et aL, 

1998; Calabrese fl/,, 2()01)/includi^ 

goggle (Walhnan, 1993; Walhnan et al.. Science 237:73-77 (1987)), the action of 
dopaminergic and muscarinic drugs to inhibit axial elongation, but not equatorial expansion 
in expMimental myopw, (Stone, 1997; Stone, 1989; Stone et aly Ejp. Eye Res. 52:755-758 

10 (1991)), and tiie selective axial elongation ofQres as the initial response i^^^ ^ 
under constant lighting (Stone et aL, Vision Res. 35:1 195-1202 (1995)), each haves suggested 
retmal control of vitreous chamber shape. However, because the growA effects dis^^ 
heiein presumably reflect retinal, signaling, the ocular responses to GABA drugs similarly 
implicate retinal control of the ocular form. Depending on the particular drug, and 

15 presumably flie corresponding receptor subtype, and depending on wheflier visual input was 
previously unpaired or intact, GABA agents are shown to exert generalized, selective axial 
or selective equatorial effects on eye shq)e. 

As an example, GAB Aa and GAB Aaot recqptors may have distinct roles in 
modulating eye shape. In goggled eyes, GABAa agonists or antagonists e^h acted chiefly 

20 to inhibit equatorial expansion, but the GABAaot antagonist TPMPA exerted comparable 
growth inhibition m both axial and equatorial dim^ions. La non-goggled eyes, the GABAa 
agonist muscimol expanded the vitreous chamber in both axial and equatorial dimensions, 
but a GAB AA(fr agonist caused only modest axial lengthening. Also in non-goggled eyes, a 
GABAa antagonist stimulated axial growfli, but a GABAaot antagonist both stimulated axial 

25 growth and inhibited equatorial expansion. 

For a clinical perspective on eye sh^e, selective axial elongation of the vitreous 
chamber is believed to characterize the ocular morphology of many, but not all, human 
myopic eyes (Cheng et al., Optom. Vis. Sci. 69:698-701 (1992); Mutti et al.. Invest 
Ophthalmol Vis. Sci. 41 :1022-1030 (2000)). So far, the initial eye growth response to 

30 disrupting the dark phase of a 12: 12 hour light daric cycle by constant lighting (Stone et al., 
1995) and the GABA drug responses comprising the present invention are the only knpwn or 
published conditions inducing selective axial elongation of the vitreous chamber. 
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Treatment to inhibit axial-elongation myopia during maturation of an animal can be 
administered by tbe use of an effective amount of the agent by inttavitreal injection, but for 
treatment purposes, eye drops, ointments or gels as topical applications or orally 
administered pills, tablets or liquids are preferred. Indeed, in the vast majority of cases, 
5 tr^tment agents are administered to human eyeis by the topical ^pUcatioh of medicaticmsy 
typically a^ eye drops, ointments or gels, but other topical ineans of drug administration are 
also acconq>lished by ttie present invention. Eye drops are typically prepared at a 
concentration of active agent ranging fiom betwem about 0.1 and 4 percent in an 
ophthalmic medium. For exanq>le, although not intended to be limiting, a 1% solution of &e 

10 mixed GABAa agonist, muscimol, in a delivery vehicle appropriate for the eye would be a 
likely concCT.tration for clinical use. 

By ''effective amounf' or 'therapeutically effective amounf ' is meant an amount of 
GABA dbrug, alone or with a carrier, diluent, another agonist or antagoiiist and/or other 
synergistic component, such that when administered to ain animal, preferably a human, it is 

15 effective to treat or prevent refiactive errors, such as myopia or hyperopia, as demonstrated 
e,g., by calq)er or ultrasound measurements as herein disclosed, or by standard eye exam in a 
human that could mvotve ocular refraction, ultrasound or related tedmiques. Compositions 
of the invention present the opportunity of obtaining significant reductions in myopia using 
reduced dosages o^ e.g., GABA drugs, thereby diminishing the side effects and possible 

20 pain or toxicity, which could result fiom alternative ther^ies. 

The terms **induced," "stimulated,** "enhanced,** "mcreased,** 'inhibited,** 
^'prevented*' and the like are given then* ordinary dictionary meanings with regard to ocular 
growth and myopia. For example, "aihanced** refers to an increase and/or induction of 
growth. More specifically, "enhancement** refers to the ability of the drug on the GABA 

25 receptor to cause or result in an elongated growth of the eye or eyes of an animal in an axial 
or equatorial direction as shown. By "reversal** of an ocular error is meant in the case of a 
myopic eye, decreasing its relative size in at least one parameter, thereby makmg it less 
myopic (or more hyperopic); or in the case of a hyperopic eye, increasing size or stimulating 
growth in at least one parameter, thereby making it less hyperopic (or more myopic). 

30 Some constraints in formulation may exist, having to do with pH, preservation and/or 

stability. ApH of about 6.5 is expected to be acceptable as an ophthalmic drop. Buffering is 
common for eye drops, and may be necessary with GABAa, GABAb, or GABAaot receptor 
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agonists or antagonists. Other additives and ingredients may be present, e.g., those disclosed 
in Chiou, U.S. Pat No. 4,865,599 (incoipoiatedherdn by reference)^ 

Common regimens for administering eye drops vary from one time a d^ to 4 times a 
day spaced evenly throughout waking hours. More effecti^^ 

applications, or enable the use of more dihite soiutioios in flie eye. iMtanativeiy ointmmts, 
gels, soKd inserts and local depositors of powders or otherifoninulations are now becoming 
recognized in clinical practice. Their use avoids problems ofdrug decomposition and can 
improve conq)liance, while at flie same time delivering a d^ed amount ofdrug. It is, of 
course also possible to administer flie abov&Klescribed active agents in flierapeuticalfy 
effective miounts and dosages by pills, capsules, hquids, elixirs or otiieriwepaiations for 
systemic administration. 

By "subject is meant aiqr bird or imimal on wMch 
.used,bronwWchitise£B»tivetoinod^ By "animal" is meant 

any recognized animal, including wild or commercially vahiable species and veterinary 
animals, as weU as primates and humans. It fiirther includes newborn, children, youths or 
adults, although developing or maturing eyes are preferably tiiose of newborns or young 
children of any species. 

; hi ejq)eriment8 utilizing animal^ 8U(A as tiiose mentioned hereu^ 
myopia has been ejq)erimentally induced by depriving flie retina of formed images, it has 
been noted by otiieis m prmiates ttiat amblyopia was also raqierimentally and comcidentaUy 
induced. Amblyopia is evidenced by poor visual acuity m flie eye, resulting in poor visual 
p^nnance. Normally, visual acuity improves during maturation. It is known that 
amblyopia may occur m humans from unknown causes, or as part of strabismus (e.g., hzy 
, eye), especially i^ fior-sighted children wi^i small eyes. It is likely fliat administration of a 
thenqjeuticafly effective amount of a GABA drug wiU also prevent, inhibit or reverse the 
development of permanent or persistent amblyopia in maturing humans. It is also likely that 
humans who have already developed amblyopia from otfier, or even unknown, causes might 
be aided by similar flierq>eutic treatment with the aforementioned agents. 

The affinity and relative affinity of GABA agonists or antagonists for GABAa, 
GABAb. or GABAaot receptors can be detCTmined by means known in the art 

In chicks, as well as in humans, axial elongation and/or equatorial expansion can be 
documented by comparing the matched eyes of one animal wifli tiie eyes of another animal, 
or by unilateraUy treating one eye of tiie animal witii flie test drug(s) or compound(s), while 

- 16- 



wo 03/032975 PCTAIS02/32776 

treating the other eye with only the drug vdiicle as a control, or leaving it untreated. Jn 
particular, detecting the GABA effect of drugp used to induce or inhibit arial growth of flie 
eyes of an annual comprises contacting the one eye or one animal's eyes wifli an agonist or 
antagonist of the GABAa, GABAb, or GABAaot receptors, and detecting the change in the 
axial and or equatorial growth of the eyes, then cbnt^ 
contrpl ammal with the control agOTt or veMde dMie usai tb^ 

measuring the axial and/or equatorial growfli of the eyes. Then the axial and/or equatorial 
growth of the treated eye or the eyes of the animal treated with the drug are compared with 
the control or vehicle-only eye or those of the animal treated with the control agent 
Itefiactory effects are similarly evahiated. The comparisons are further evahiated by 
including in the acquired data the effects of goggled eyes versus non-goggled, open eyes. 

It is possible that the isame iieurochranical iTOcess ^ 
differait direction and/or degree, is involved in the dhninished postnatal ocular axial growth 
resulting in hyperopia. It is suggested, therefore, that similar accesses or deficiencies of 
retinal neurochemicals are involved during hyperopia development As a consequence, 
treatment for hyperopia can involve the administration of effective amounts of the GABA 
drug(s). 

The case of the present invention lies in the discovery that topical local ^plication of 
a conq)ound to anramaUy seeing eye of a young chick can enhance eye g^rowth. The degree 
of growth enhancement, in turn, is susceptible to modulation by yet other phannacological 
agents. Tlie growth effect of the GABA agents can be mhibited by co-administration of 
agonists or antagonists of the GABAa, GABAb. or GABAaot receptors, as shown by the 
effects on the open eye models of the preset invention. 

llie present mvention is further desaiT)ed in die followi^ 
. exan5)les are not to be construed as limiting the scope of the fended claims. 

EXAMPLES 

The following experfanents were conducted to provide dnect evidence for a role of 
retinal GABAmedianisms in the control of postnatal eye growth. 

White leghorn diicks (Truslow Farms, Chestertown, MD) were reared under a 12 
"hour Kghfcdaik cycle as described by Stone et al, 2001. Chicks were anesthetized with 
inhalation ether for all goggle appfications and drug mjections. The experimental eye was 
the rigiht eye in half of the chicks, and the left eye in the other half of the chicks, assigned in 
an alternating order witiiin each group. Form-deprivation myopia was mduced by attaching 
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a imilat^ transluc^ white plastic goggle to the penoibital feathers with cyanoaciylate 
glue. All reseaich confonned with the ARVO Resohition on ttie IJse of Animals in 
Oph&almic and Vision Researdt 

Intraocular drag administrations. All goggle {plications and/or drug injections 
5 began when the (Mcks reached one At atotit four hours into the li^t phase, a 

- 10. pi intravitreal injection of either drug vehicle or vehicle alone was giveb under aseptic . 
conditions to the goggled or experimental non-goggled eye, with all contralateral eyes 
concurrently receiving vehicle injections. 

After four days of treatment the chicks were anesthetized wiA an intramuscular 
10 mixture bfketamine (20 mg/l^) and xylazine(Smg^g) for ocdarexaminatio^^^ 
day, the aniindsrec^ved no intraocular injections. Ocular refractions, and A-scan 
ultrasonbgrq>hy were performed as described by Stone et aU Vision J{£;9. 35:1195-1202 
(1995). While still under general anesthesia, the chicks were decq)itated; and the axial and 
equatorial dimensions of nucleated eyes were measured with digital calipens. As the 
15 coronal profile of the chick eye is elliptical, the equatorial dimension was reported as the 
mean of fhe shortest and longest equatorial dimensions. 

Table 1 lists the studied drugs, theu: characteristic affinity(ies) to GAB A receptor 
subtype(s), the siq)pliers and the ranges of daily doses in (ig. The daily doses administered 
in specific e^qperiments are provided in the Figures and in the described Results, below. 
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Table 1 . Drags, Activity and Dose Ranges. 





Fhannacolog 
ic 

Activity* 


Chemical name; and drag . 
sunnlier^ 


ranges of injected drag doses 
levels (^M)* 


GABAa 
drags 








Muscnnoi 


Mixed 
GABAa and 
GABAaot 
agonist 


MusciiDol bydrobioniide^ 


5-200 [ig; 320-6,410 


TACA 


Mixed 
GABAa and 

GABAaot 
agonist 


Trans-4-anunocrotonic add^ 


10-100 )1S 618-6,180 pM 


Bicuculline 


Antagonist 


(->biciiculline mefhobromide'^ 


0.01-50:nK 0.135-676 HM 


SR9SS31 


Antagonist 


6-inuno-3-(4-methoxy- 

phenyl)-l(6H> 
pynaazinebiitanoic acid 
. Iq^drobrpinide^. . .. 


1-100 UK 17.0-1,700 |iM 


GABAaqt 
drugs 








CACA 


Agonist 


ci5-4-aminocrotQnic acid'^ 


10-200 pg; 618-12,360 |tM 


TPMPA 


Antagonist 


(i;Z»S,6-tetral]ydro* pyridine- 

4»v1^ tnetlwlnhARtihiTiie aciil^ 


0.1-200 nr. 3.89-7,760 |iM 


drugs 








Baclofen 


Agonist 


R(+)-baclofen'^ 


10-100 US" 250-2 500 uM 


CGP46381 


Antagonist 


(3-annnopropyl)(cyclo- 
hexyhnefliyl)phosphimc acid^ 


1-200 ng; 28.5-5,701 ]M 


SCH50911 


Antagonist 


(+H2S>5,5-dimetiiyl.2- 
morpholineacetic acid^ 


10-200 fig; 361-7,217 pM 


20H-saclofen 


Antagonist 


2-hydroxy saclofen*^ 


10-200 pg; 235^,700 pM 


CGP35348 


Antagonist 


(3-aminopropylXdietho?Qr- 
med]yl)phosphinic acid^ 


1-500 PK 27.8-13,880 |iM 



* Cbebib et al., 1999; Boiinann et a/., 2001; Bormaim, 2000; Bowery, Armu, Rev, Pharmacol, 

Tawco/. 33:109447 (1993); iBolsere/ai/j;^^^ 

Froestl et aL, In: Perspectives in Receptor Research . (Giardina ei al., .eds) Amsterdam: Elseyier 
5 Science B.V, pp^3-270 (1996); Johnston, Trends Pharmacol Sd. 17:319-323 (1996); Uchida 
et aL, Eur, J, Pharmacol 307:89-96 (1996). 

* Calculated maximal post-injection vitreous concentration, assuming initial acute drag with vehicle 

distribution into 150 ^1 of liquid vitreous (Rohr^ et aly Visual Neurosci. 10:447-453 
(1993)). 

10 ,t Chemical suppHer ^RBI/Sigma (Natick, MA); ^TocrisQ)ote 

Table 1 also provides an estimate of the maximum drag concentration in 
potentially achievable in the vitreous humor, based iq)on the assumptions of rapid and 
uniform drag distribution into a liquid vitreous volume of 150 ^1 (Rohrer et al., 1993). 
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Comparable drop dosages can be calculated accordingly. The number of cWcks studied 
at each drug dose is shown in EtGs. 1 and 4 and in the desaibed Results, beld^. 

Biochemical assays . To assay retinal GABA (Allison et a/.. Anal Chem. 56:1089- 
1096 (1984) the same goggle ^e was placed over one eye of day-old chicks. At 2 weeks of 
5 age, the chicks were dec^itated after 4 hoim^ 
inmiediately, chiUed in iced saline, mea^ 

calipCTS to confirm ocular e3q)ansion and wore dissected on ice as quickly as possible. The 
retinas w^ immediately firozen and stored individually in Uquid nitrogen. 

At the time of assay, each fix)zen retina was placed in 0.5 ml of 0.1 MHa04 wifli 

10 0.3 mM 5-aminovaleric acid HCl as an internal standard at 4** C and homogenized. The 
homogenate was centrifiiged at 4** C for 15 minutes at 14,000 rpm, and the sup^natant was 
filtered using an Acrodisc 13 mm syringe filter with a 0.2 nm nylon membrane (Gebnan 
Sciences, Ann Arbor, MI). .» 

For derivatization, 0.02 ml of the.filtered si^ematant was incubated for 6 minutes at 

15 room temperature with 0.18 nd of 15% carbonate buffer (pH 9.6) TO^ 

phthalaldehyde (OPA; Sigma-Aldrich, St Louis, MO), 50% methanol and 5 mM 2.mefliyl- 
propanefhiol (Sigma-Aldiich). 25 fil of the derivatized sample was separated on a Beckman 
XJltrasphere Cis reversed phase (ODS, 5 ^m, 4.6 mm X 25 cm) column using a high-pressure 
liquid chromatography system with a LC-4C electrochemical detector (BioAnalytical 

20 Systems, West Lafayette, IN). The column was eluted a with a mobile phase of 58% 0.1 M 
Na acetate (pH 5 .0) and 42% acetonitrUe, wifli a flow rate of 1 .0 ml/minute, and read by the 
detector with a glassy carbon working electrode at 40.7 V versus an Ag/AgCl reiference 
electrode. 

To assay prctein, the centrtfugation peUet was dissolved in 1.0 
25 10^1 was measured usmg the Bio-Rad Protein Assay Kit (Bio-RadLd^orat^ 

CA) with bovme serum albumin as a standard, followmg the manufacturer's instructions. 
GABA levels are reported as jig/mg protein. 

Data analysis. 

For goggled chicks, the primary measure of outcome was the drug effect on tiie 
30 ocular response to wearing a goggle, and comparisons of individual doses to each other and 
to vehicle-treated controls for each drug, ibifferences in refi:action and each size 
measurement between goggled and contralateral eyes were assessed by one-way analysis of 
variance (ANOVA). For non-goggled chicks, the primary outcome measure was comparison 

.20- 



wo 03/032975 PCTAIS02/32776 

of dnig-lreated to contralateral vehicle-treated eyes using a two-way repeated measures 
ANOVA (one facto: replicatioiii, using eye as flie replicated 

measurements. 

The statisticjd outeomes with Ihe two-way ANOVA 
dnig-treated to ciantraliat^ In the instances fiK wliich this com^arisbn did 

not reach statisticd.sigmficanc^ but the oyerall dose pr eye-dose interaction tenns yielded a 
P < 0.05, these pfter conq>aii8Qns wae idartified as an altemative indication of potential 
drug activi^. When flie ANOVA assnnq^tiwis of normality or equal variance were not met, 
the conesponding ANOVA on ranks was used. If the ANOVA identified a treatment effect, 
fbs Tukey test for post hoc multQ>le pairwise comparisons was used to identify spedfic 
treatment gF0iq)s, assuming P < O.OS for statistical significance (Glantz, Prima of . 
Biostatisrics, 4^^ Edition, New York, McGraw:Hill, pp 97-98 (1997)). The Figures show the 
P values when tiie overall ANOVA reached a significance level of at leaist P < 0,05, and the 
post-hoc tests for within group comparisons sppear in the Tables that follow. , 

Retinal levels of GABA in goggled and contralateral non-goggled eyes woe . 
compared by student = s paired t-test Data on anterior chamber depdi and lens fliickness are 
not reported for most ejiperiments as these parametras were imaffected in ahnost all cohorts. 
The only exceptions, described below, were the lais and anterior chamber for non-goggled 
chicks receiving CACA, and the lens for non-goggled diicks receiving CCS46381. Results 
from different cohorts of chicks tested with the same drug, along wifli the corresponding 
vehicle-treated controls, were pooled for analysis. Data are shown as mean ± SBM. and 
were analyzed with SigmaStat (SPSS, Inc. CMcago, IL). 
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Table 2. Post hoc Pair-wise Conq^arisons of Drog Effects on Goggled Eyes - Tukey Test 



Drug 


Specificity 


refraction 


axial length 

ultrasoimd calipers 


vitreous chamber 
depth 

(ultrasound) 


Equatorial 

diameter 

([calipers) 


BicucuUine 
SR95531 


GABAa 
antagonist: 
GABAa 
an^gonist. 


n.s. 

50(igvs. 
control 


n.s. 

ILS^ 


J1.S. 
VLB 


n.s. 

ILS. 


lO pgys O.Ol Jig 
100 Jig vs control 

& 1 lie 

50 )igvs control 
&ljig 

10 Jigvs control 
&ljig 


CACA 


GABAaot 
agonist 


200 ]x& vs. 
50 Jig 
ftlOjig 


n.s. 


n^. 


n.s. 


ILS. 


TPMPA 


GABAaot 
antagonist 


200 Jig vs 

control 

iOOjigvs 

control 

50jxgvs 

control 

10 Jig vs 

control 


100 ngvs 
control 
10 jigvs 
control 


n.s. 


200 ^g vs control 
100 Jig vs control 
10 Jig vs control 
1 Jig vs control 


Zl/U Jig V5S UUIIUUI 

l&O.l Jig 
lOOjigvs control, 
10,l&0.1jig 
50jigvs control 


Baclofen 


GABAb 
agonist 

antagonist 


lOjig vs. 
control 

*y(\(\ tier V3 

control 

OOjigvs 
control & 

50 Jig vs 
control 


n.s. 

100 Jigvs 
control 


n.s. 

100 ng 
vs 

control 
10 [ig 
vs 

control 


n.s. 

200 Jigvs control 
100 Jigvs control 
& 1 Jig 


n.s. 

200 jigvscoiitrol 
lOOjigvs control 


SCH50911 


Gi^AB 
antagonist 


50 jigvs 
control 


as. 


n.s. 


n.s. 


n.s. 


20H- 
saclofeh 


OABi^ 
antagonist 


100 ^g vs 
control & 

10 jig: 


n.s. 


n.s. 


n.s. 


n.s. 



ILS, P^COSbyANOVA. 

The statistically sigmficant post Iwc pair-\wse conq^arisons between 



(defined as P < 0.05 by the Tukey test) are shown for eadh drug for which a one-ni^ 
5 ANOVA identified a treatment effect (see FIGs. 1-3 for overall ANOVA results). 
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Table 3 . Post Hoc Pair-wise Comparisons of Drug Effects on Non-goggled Eyes - Tukey 

Test'- 



Drug 


speciiBcity 


refraction 

• • . • ■ • 


axial length 
ultrasound 


calipers 


vitreous chamber 
depth (ultrasound) 


. Equatorial 
diameter • 
(calipers) 


Muscimol 


GABAa/ 


50&10 


200,50, 


200, 50 & 


200, 50 & 10 Jig 


200,:50&10 




GABAaot 
agonist 




10 & S ue 


10 






SR9S531 


GABAa 
antagonist 


t 




100 ^ig 


100 & 50 ^g 


n.s. 


CACA 


GABAaot 
agonist 


n.s. 


SO \ig 


as. 


n.s. 


n.s. 


TPMPA 


GABAaqt 
antagonist 


§ 


10 ng 


200 & 
100 ^g 


♦ 


200&100fig 


Baclofen 


GABM 
agonist. 


n.s. 


n.s. 




lOOfig 


n.s. 


CGP46381 


GAB^ 
antagonist 




n,s. . 


as, 


lOjig 


ILSi. 



* P< 0.05 by ANOVA for drug-treated vs. ccratralateral eyes, but no specific pair-wise comparison. 

identified by the Tukey test 
5 ^ P< 0.05 by ANOVA for overall dose efiect, but no significant effect identified for drug-treated vs. 
contralateral eye^ flieTukey test identified the 5 and 100 |ig doses as different from each other 
both overall and also within fee treated eyes. 

* P < 0.05 by ANOVA only for the interaction of ^e and dose effects; Tukey test identified drug- 

treated vs. contralateral eye as significantly different for the 1 00 ^g dose. 
10 § P < 0.05 by ANOVA for overall dose effect, but no significant effect identified for drug-treated 
vs. contralateral eyes; no specific pairwise comparison identified by the Tukey test 
n.s., 0.05 by ANOVA: 

The statistically significant post hoc pair-wise comparisons between drug-lieated and ' 

contralateral vehicle-treated eyes (defined as P < COS by the Tiikey test) are idmtified by 

15 each drug dose for which a two-way repeated measures ANOVA identified a treatment 

effect (see HGs. 4 and 5 for overall ANOVA results). 

Results 

Goggled eyes> GABAa agents. GABAa agonists had no effect on form deprivation 
myqpiaL The mixed GABAa / partial GAB Aaqt agonist muscimol did not affect refraction, 
20 ultrasomid or caliper measurements of goggled ^es (daily doses of 10, 50, 100 or 200 (ig; n 
= 9-10/group; data not shown). The mixed GABAa / GABAaot agonist TACA also had.no 
statically .significant effects on refiraction or size measurements when administered to 
goggled eyes (daily doses of 10 or 100 ^g; n » 10-13/group; data not shown). 

The GABAa antagonists primarily limited equatorial e3q)ansion of goggfled eyes, as 
25 assessed by calipers. The classic GABAa antagonist bicuculline in daily doses up to SO (ig 
had no effect on the myopic refiraction or axial measures of goggled eyes, by eiflier 
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ultrasound or calipers (FIGs. 1 A and 2). However, it did reduce the equatorial diameter of 
goggled eyes (FIG. 2; Table 2). Higher daily doses of bicuculline could not be tested 
because 100 or 200 doses caused retinal whitening, interpreted as gross retinal edema or 
other toxicity. 

5 Similarly, die GABAa antagonist SR9SSM 

inhibition of equatorial ^andon in goggled ey^ 

ttie myopic refraction of goggled eyes, wherein the SO p.g daily dose was the most effective 
OFIGs. lA; Table 2). While the direction of ttie trends of SR95531 to reduce axial length or 
vitreous chamber deptix corresponded to the reduced myopic refiaction (FIG. 2), none of the 

10 Iragtfa measurements reached statistical rignificance(P= 0.1 orgreater). Yet,imlike 

bicuculline, at the doses used, SR9SS31 did not cause any ocular toxicity detectable duiing 
»i vrvo ocular examinations or by iiispection of tiie bisected dm 

Goggled eyes. GABAaot ajgents . The selective GABAaot agonist GACA had a 
biphasic effect on the refractive response of an eye to a goggle. The CACA effect on 

IS refraction was relatively modest compared to the magnitude of refractive changes in form- 
deprivation myopia (FIG. IB), and was not acconqpanied by any statistically identifiable 
changes in axial measurmients by ultrasound or calipers (data not shown). Perhaps this was 
because any small corresponding change in axial dimensions was obscured by measurement 
variability. Moreover, CACA caused no change in the equatorial dimension of ttie eyes 

20 beneath goggles (data not shown). 

By comparison, the GAB Aaot antagonist TPMPA demonstrated potent anti-myopia 
effects (FIGs. 1, 2; Table 2). In goggled eyes, it reduced the myopic refraction, blocked the 
axial and vitreous chamber elongation as measured by ultrasound, and the equatorial 
expansion as measured by calipers. Any effects on axial growth as measured by calipers, did . 

25 not reach statistical significance. 

Goggled eyes, GABAb agents . The GAB Ab agonist baclofen had only a weak anti- 
myopia effect. It partially reduced the myopic refiractive error in the eyes beneath goggles 
(FIG. IC, Table 2), but neither the ultrasound nor the caliper measurements revealed 
statistically significant growth inhibition at the two doses tested (FIG. 3). 

30 By comparison, the high affinity GAB^ antagonist CGP46381 demonstrated potent 

anti-myopia effects (FIGs. IC and 3; Table 2). It inhibited the myopic refiractive shift, the 
axial and vitreous chamber elongation, and the equatorial expansion of tiie eyes beneath 
goggles. In goggled eyes, two other GABAb antagonists SCHS091 1 and 20H-saclofen, 
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each reduced the myopic re&actions, but none of the tendencies of either drug to reduce 
ocular dunensibiis by ultrasoiuid or calipers reached statistical significance (FlGs. IC and 3). 
The GABAb antagonist CGP3S348 had no statistical effect on refi:actibn or excessive growth 
of goggled eyes measured by ultrasioimd or calipers (n i9^-18/gr6up; data not shown). 
5 Nan-jgoggled eyes, GABAa agents . In contrast to its lack of effector 

the GAB Aa agonist muscimol diified the refiraction 

Table 3), with a maximum effect at flie SO ^g dose. Consistent with tfiis refractive effect, 
muscimol stunulated axial growth as measured by either ultrasomid or calipers, and 
deepened the vitreous chanober. It also increased the equatorial diameter of non-goggled 

10 eyes (FIG. 5; Table 3). An effect on the contralateral vetucle treated eyes was de . 
the GABAa agonist muscimol in non-goggled chicks (ANOVA: P < 0.05), which 
substantiates its ability to mduce a myopic .refractive shift The refractions of contralateral 
vehicle-treated eyes Varied witii the inuscunol dose: 5 ^g (0.86 ± 0.58 D), 10 fig (+ 6.11 ± 
0.82 D), 50 lig (1.78 ± 1.21 D) and 200 ng (3.82 ± 0.83 D),.wh9r^ the 10 and 200 jig doses 

15 WCTe statistically different from each other by the Tukey test C*D** = diopters;, a unit of 
refraction, wherdn •*minus*' values signify myopia and '*plus** values.signify hyperopia). 
Presumably, smce the data are illustrated by normalizing to the contralateral eye (FIG. 4), 
tbis degree of myopia in the contralateral eyes accounts for the apparent loss of the myopic 
refractive shift at the 200 pg dose. There was no evidence for a growth effect in 

20 contralateral eyes in any ultrasound or caliper parameter in non-goggled muscimol-treated 
chicks; and the growth effect of muscimol on treated eyes was not lost at the 200 \ig dose 
(FIG. 5), reinforcing the conclusion that muscimol stimulates growth of non-goggled eyes 
and induces myopia. 

The mixed GAB Aa agonist TACA, however, w;as fp 

25 refraction nor ocular size measurements of the drug-treated eyes when compared to their 
contralateral vehicle-only-treated control eyes (daily doses of 10 or 100 ^g; n = 10/group; 
data not shown). 

The GABAa antagonist SR95531 also stunulated eye growth ^G. 5, Table 3), but 
somewhat less effectively than muscimol. Compared to vehicle-treated contralateral eyes, 
30 SR9553 1 euhanced axial growth as measured by calipers and lengthened the vitreous 
chamber by a comparable amount While no^ significant for fte drug-treated versus Hhc 
contralateral eye comparison, the ultrasound measurements of axial length did reveal 
significant eye lengtfaenmg in &e dose conq)aiison (P - 0.02). The Tukey test identified 
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treated and control eyes as significantly different for the 100 ng drug dose. For refraction, 
an overall dose effect (P - 0.046) was seet^ but the niyopic shift of up to U2 diopters in the 
drug-treated eyes when compared to contralateral eyes, did not reach statisticial significance 
(P =6 07). SR9553 1 had no significant effect on equ^ori^ diameter of non-gpggled eyes. 
5 Given the potential for retinal toxicity (see above), bicdcuUine was not tested against the 
nonrgogg^ 

Non-goggled eyes (including anterior chamber and lens effects), GABAaot agents. 
While not affecting refiraotion (FIG. 4 or data not shown), tiie selective GABAaot 
agonist CACA sli^tly stimulated axial length by ultrasound (Fig. S; Table 3; h = 9- 

10 10/group), with a trend for increased vitreous chambCT length (^^ CACA 
did not affect lens thickness or anterior chamber depth for the primary outcome comparison 
(see above methods) of drug-treated to vehicle-treated eyes (P 0.22. for lens; P - 0.80 for 
anterior chamber), but it did exert a statistically significant effect on both the lens and 
anterior chambCT in the overall dose comparison (P = 0.001 for lens; P < 0.001 for anterior 

15 chamber). In this regard, chicks receiving the 10 \ig dose differed fix>m cohorts receiving 
other doses by having tiunner lenses and deeper anterior chambers overall For the lens, the 
Tukey test identified the overall lens thicknesses of chicks receiving the 10 ^g dose as 
statistically different firom chicks receiving either the 100 or 200 |ig doses. Li chicks 
receiving the 10 ^g dose^ the lenses of tiie dmg- and vehiclertreated eyes each measured 2.22 

20 ± 0.02 mm. The lenses of drug-treated eyes of chicks receiving the 10 ^g dose were 0.16 
mm thinner than lenses at the 100 or 200 ^g doses, and the contralateral yehicle^treated eyes 
of chicks receiving the 10 \ig dose were 0.10 mm thinner than lenses of vehicle-treated eyes 
fix)ra the other two cohorts. 

The Tukey test identified the differences in drugrtreated, but not in vehicle-treated 

25 ^es as statistically different for within-eye comparisons. For the anterior chambers, the 
Tukey test identified anterior chambers of chicks receiving the 10 ^g dose as statistically 
different from those of chicks receiving the 50, 100 or 200 jig doses. At the 10 ± ^g dose, 
the anterior chambers of the drug-, and vehicle-treated eyes measured 1.32 ± 0.03 and 1.31 ± 
0.03 nun, respectively, and the anterior chambers of drug- and vehicle-treated ^es of chicks 

30 receiving the 10 \ig dose were some 0.08-0.14 mm deq)er than those of eyes at the higher 
doses. For within-eye comparisons, the Tukey test identified the 10 \ig dose as statistically 
different from the 100 and 200 ^g doses in dmg-treated eyes, and the contralateral vehicle- 
treated eyes of chicks receiving tiie 10 fig dose as statistically different fix)m contralateral 
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eyes of those receiving the 200 \ig dose. No other growth measures reached statistical 
significance (FIG. 5). 

When administered to non-goggled eyes, the GAB Aaot antagonist 
stimulated both axial growth and vitreous chamber length (FIG. 5; Table 3) by a modest 
5 degree. In contrast to the axial dUmmsions» TPMPA reduc^ 

goggled eyes. As vafh a number of drugs givra to nbn-gbggl^ eyes; the slight myopic 
refractive shift reached statistical significance in the dose (P 0.02), but was not found in 
the drug-treated versus die contralateral eye (P - 0.14) conq;>arisons. 

Non-goggled eyes, GABAg agents . When administered to non-goggled eyes, the 
10 GABAb agoiiistbaclofCT caused modest deepening ofthe vitreous chamber. A c^ 

amount of axial elongation reached statistical significance when measured by calipers, but 
not whenmeasured by ultrasound (FIG. 5; Tabl63;n = 8 at eachdose). None of the other 
effects of bacio^ on the non-goggled ^es, including refiractions (data not shown), reached 
statistical significance. . 

15 The most effective GABAb antagonist against myopia, CGP46381, was also tested at 

two daily doses to detenniiie die effect on non-goggled eyes (n = 10/groiqp). CGP46381 
sli^tly enhanced vitreous chamber length in non-goggled eyes (FIG. S; Table 3). 
Comparable increases in axial length by ultrasound or calq3er measurements did not reach 
statistical significance. 

20 While CGP46381 had no influence on lens thickness con^acing the drug- to vehicle- 

treated eyes (ANOVA: P - 0.58), it did ex^t a statistically significant lens effect in the dose 
. comparison (P = 0.03), indicating that overall the lens thicknesses of chicks receiving the 10 
}ig dose were statistically different £rom chicks receiving the 100 fig dose. In chicks 
receiving the 10 fig dose, the lenses of the drug- and vehicle-treated eyes each measured 2.27 
25 ± 0.04 and 2,26 ± O.OSmm, respectively. These measurements were 0.07 and 0.06 mm 
thicks, respectively, than the lenses of the drug- and vehicle treated eyes respectively of 
chicks receiving the 100 jig dose. 

For the within-eye comparisons, the Tukey test identified these differences within the 
drug-treated, but not within the vehicle-treated eyes, as statistically significant 
30 CGP46381did not exert statistically identifiable changes in refi:action (data not shown), 
anterior chamber depth (data not shown) or equatorial diameter (FIG. 5). 

Retinal biochemistry . By HPLC-ED assay, GABA levels in the non-goggled eyes 
were measured to have 10.8 ± 02 fxg/mg protein, which remained consistent with published 
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values in the chick retina (Nistico et a/.. Res. Commun. Chem. Pathol Pharmacol 40:29-39 
(1983)). GABA levels in contralateral goggled eyes were measured to have 103 ± 02 
(ig/mg proton. While the magnitude of this difference is small, the reduction in retinal 
GABA of myopic eyes did reach statistical significance (N = 23 pairs of eyes; P < 0.02, two- 

5 tailed student's paired t-test), 

; In isummary . GABA drugs both inhibit fonnHlq)iivalipn myopia and influi^ce tfie 
growth of eyes with normal visual inputs thus identifying GABA receptors in the mechanism 
that modulates eye growtti and refiractive development Both ion channel-gated receptors 
(GAB Aa and GAB Aaot receptors) and G-protein-linked receptors (GAB Ab receptors) are 

10 implicated by.the drug responses. The coixq>lex anatomical effects of tiiese drugs reinforce 
the fact that retinal mechanisms modulate tiie sh^e, and not just the overall .size, of the 
developing eye. A site of action at the neural retina is consisteitt with the known ocular 
localizatioiis of GABA and iis recepto^^ withthesmaU Wt consistent reduction m 
GABA in form-deprived eyes, and with the developmental responses of the eye to these 

15 dmgs. While not yet revealing clear mechanisms ofoperation,tii6riatureoflh6 GABA drug 
effects on the growth of both goggled and non-goggled (open) eyes, and tiie emichment of 
GAB Aaot receptors in the retina, suggest tiiat GABA pharmacology adds a usefiil dimension 
in studying retinal mechanisms that modulate eye growth and geometric form. Moreover, 
because tiie enlarged eyes receiving muscimol became inyopic, while those receiving drugs 

20 with differing specificity remained emmetropic, GABAa drugs appear to be usefiil for 
dissecting retinal emmetropizatiQii mechanisms. 

Nevertheless, the present invention is not so limited, and is mtm^ 
methods and compositions for controlling postnatal ocular growth and the development of 
ocular errors in the maturing eye of a subj ect, comprising altering the refi:action suid/or 

25 growth of the maturing eye of a subject by administering to the eye a ther^eutically 

effective amount of at least one GABA drug or compound, including agonists or antagonists 
(alone or in combination with other compounds), as well as any other drug or composition, 
regardless of classification, that acts to alter the refractive development and/or growth of the 
eye. Because retinal GABA concentrations are altered in myopia,, and retinal GABA 

30 influences the refi^ctive developm^t and growth of the eye, the present invention also 

alternatively conceives of another direction to alter the refiractive development and growth of 
the eye by modulating retinal GABA levels in the maturing eye of a subject by administering 
to the eye to a therapeutically effective amount of at least one GABA drug or compound, 
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including agonists or antagonists (alone or in combination with other compounds), as well as 

any other drug or conq)osition, regardless of classification, that ^ 

retinalGABA. 

The disclosures of each patent, patent ^plication and publication cited or described 
5 in this docum^t are hereby in(x>i^^ 

While the foregoing spedficatidn 1^^^ 
raibodiments, and many details have been set forth for the puxpose of iltostration, it will be 
apparent to those sldlled in tiie art wi&out departing &om the spirit and scope of the 
invention, that the invention naay be subject to various modificatiom and addition^ 
10 embodiments, and that cotain of tiie details described herem can be varied considerably 
witiiout departing from the basic principles of the invention. Such modifications and 
additional embodiments are also intended to &11 within the scope of the appended claims. . 
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CLAIMS 

I claim: 

1 . A method of controlling postnatal growth of an eye of a maturing animal or 
human, which method coniprises administering GABA, or at least one agonist or antagonist 

• 5 thereof' * - -: 

2. The method of controlling the refractive development of an eye of a maturing 
ammal or human, which method comprises administering GAB A, or at least one agonist or 
antagonist fhereo£ 

3. . A method of claims 1 or 2, further coinprisingchangj^ 
10 the concentration thereof 

4. The method of any one of claiins 1-3, wherem the postnatal growth of the 
further conq>rises abnonnal growth. 

5. The metibod of any one of claims .1-4, wherein the postnatal growth of the eye 
leads to abnormal refiractioiL 

15 6. The method of any one of claims 1-5, furdier comprising administering to &e 

eye a therq>eutically effective amount of a GABA drug or composition. 

7. The method of claim 6, wherein administering the GABA drug or 
coniposition affects GABA recq[)tors of types GABAa, GABAb or GABAaot in tiie eye. 

8. The method of claims 6 or 7, wherein the administered drug or composition 
20 conqirises at least one agonist of at least one type of GABA receptor. 

9. The method of claims 6 or 7, wherem the administered drug or composition 
coniprises at least one antagonist of at least one type of GABA receptor. 

10. The method of any one of claims 1-9, further comprising inhibiting or 
reversing myopia or its onset, or the progression of myopia in the eye of a postnatal animal 

25 orfaumaiL 

1 1 . The method of claim 10, finther comprising inhibiting or reducing growth in 
terms of axial length or vitreous chamber depth of the eye, or in terms of equatorial 
expansion of the eye, thereby preventing, inhibiting or reducing myopic refraction or the 
onset or progression of myopia. 

30 12. The method of claim 10, further comprising inhibiting or reducmg growth in 

terms of axial length or vitreoxis chamber depth of the eye, and in terms of equatorial 
expansion of the eye, thereby preventing, inhibiting or reducing myopic refraction. 
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25. The method of any one of claims 1-16, further conqprising administering to 
ihe matining eye a Iherapeuticaily effective amoimt of GAB Ab receptor agonist in a carrier 
or diluent buffered to a pH suitable for ocdar adixiim 

26. The method of claim 25, wherein the GABAb receptor agonist is baclofen. 
5 27. The method of any one of cliEums 1-16, further conqprising administering to 

the maturing eye a therapeutically effective amount 6f GABAb recqptbr antagonist in a 
carrier or diluent buffered to a pH suitable for ocular administratioiL 

28. The mediodofclaim 27, wherdn the GABAb receptor antagonist is 
CGP46381, SCH50911 or 20H-saclofen. 
10 29. .A method for treatmg an eye or eyes ofa subject wvfvo in accordant 

any one of claims 1^28, wherein the subject is myopic, hyperopic or ambl^pic. 

30. A method for preventing myopia, hyperopia or amblyopia in an eye or eyes of 
asubject in vrvo in accordance wi& any one of claims 1-^^^ 

31. A method of controlling the postnatal growth of the eye of a maturing animal 
15 orhuman, comprising administering to the eye of the animal or human meff|xtive amount 

of a neurochemical, or the agonist or the antagonist ttiereof, ttiereby modulating the presence 
of GABA, or its agonist or antagonist 

32. A method of detecting the effect of one or more GABA dmgs or compounds 
affecting the ocular growtti of a maturing eye of a postnatal animal comprising: 

20 administering to a first animal ^e a therq>eutically effective amount of a 

. retinal GABA receptor agonist or antagonist in a carrier or dituCT^t 
buffered to a pH smtable for ocular admimstratioii; 
detecting change in growth in the axial or equatorial direction, or. both, in 
the first eye; 

25 administering to a second aninial ^e a control agent, comprising the 

carrier or diluent used with the retinal GABA receptor agonist or 
antagonist in the first eye; 
detecting effects of the control agent on the second eye; and 
comparing the change in growth in the first eye with the effects of the 
30 control agent on the second eye; 

wherem the first eye is open or covered, as by suturing closed or goggled, 
and wherein the second eye is the same (open or covered) as the first 
eye. 
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33. The mettiod of claim 32, wherein the first animal eye and the second animal 
eye are in the same animal. 

34. The method of claim 32, wherein the first animal eye and the second animal 
eye are in different animals. . ' 

35. The method ofany one of clainis i04, wh^ein the ani^ 

selected fix)m the gronp consisting ojFbirds and mammals, yMch include priinates, and 
wherein prunates include hmxians. 

36. A conq)osition of matter usefiil for controlling postnatal growQi of an eye of a 
maturing animal in accordance with any one of claims 1-35, wherein GABA is changed 
during the postnatal maturation of the eye. 
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